Abstract: The knowledge of wind speed characteristics of a region is among the most important aspect of wind turbines utilization for electricity production and assessing the cost of power generation. The wind spectrum and the wind power density for the city of Chabahar located in the southeastern part of Iran were modeled using Weibull distribution and power law estimation. An empirical approach was used to determine the shape parameter, k, and the scale parameter, c, of Weibull distribution function at different heights from 2014 to 2016 during two years period. Wind characteristics in Chabahar were extensively analyzed along with assessing the effects of parameters such as air humidity and temperature, surface roughness, turbulence, and wind velocity durations. The amount of wind power that can be produced by installation of eight wind turbines with different powers ranging from 2.5 kW to 8 MW at Chabahar were investigated. Additionally, the annual capacity factor for each turbine was determined. A wind-hydrogen system was considered in the analysis for evaluating the hydrogen production ability from wind energy in the station at Chabahar. The highest amount of hydrogen production was related to Vestas V164 with the yearly value of 194.36 ton-H 2 .
Introduction
Electricity supply has always been a major concern for modern society; therefore, people have always been looking for clean and unlimited sources of energy and actually have been quite successful in the last centuries to find a way for utilization of two widely used kinds of renewable energies of wind and solar. The first solar cell was invented in 1883, and the first use of wind turbine for the generation of electricity was realized in 1887 (Gevorkian 2007; Wikipedia -Wind turbine 2017) . Wind is one of the manifestations of solar energy and is actually the flow of the air in the earth's atmosphere; in fact, a small fraction of solar radiation that reaches into the atmosphere is continuously converted to the wind energy. The heating of the earth and its atmosphere in an unequal extent generates convective currents and the motion of the atmosphere relative to earth generates the wind.
Humans have used wind energy in different ways for a long time. Persians were the first people who used windmills for grinding grains in about 200 BC and the remaining effects of this historical achievement can still be observed in the regions around Khaf and Taibad in the East of Iran. The ancient Egyptians also used wind power to propel their ships in the Nile River.
Mounting sails on a central shaft created the possibility of using wind energy to draw water for irrigation, to grind grains and eventually to saw wood logs. In the seventeenth century, the Dutch improved the basic design of windmills. This improvement helped in turning the Netherlands into one of the richest and most industrialized countries in Europe. Many countries used windmills for grinding wheat and corn, pumping water and cutting wood logs (Metz et al. 2001) . Wind catchers were used by Persians over 1,000 years ago and there are many wind catchers in the central parts of Iran to harness wind and use it to cool the air inside the buildings (Mostafaeipour 2010) . Solar and wind are the most popular sources of renewable energies widely used in different countries in order to reduce environmental pollution. Wind turbines are supplying required electricity in suitable windy regions (Khorasanizadeh, Mohammadi, and Mostafaeipour 2014; Mohammadi, Mostafaeipour, and Sabzpooshani 2014; Mohammadi and Mostafaeipour 2013; Dinpashoh et al. 2014 ). There have been numerous studies investigating the wind energy potential in different parts of Iran, such as the cities of Zahedan and Binalood Mostafaeipour et al. 2013) . Aerodynamic design, performance, and economic viability of horizontal and vertical axis wind turbines were evaluated recently with the aim of achieving better performance (Saeidi et al. 2013; Sedaghat, Assad, and Gaith 2014) .
Potential of Different Countries in Harnessing Wind Energy
In 1981, "International Institute for Applied Systems Analysis" estimated that the global technical potential for wind power is 480,000 TWh per year. Given the economic constraints, it is acceptable to assume that harnessing 4 % of this energy, which equals to 20,000 TWh/yr, can be achievable (equivalent to a 2.3 TWh power plant operating for 24 × 365 hours per year). According to the global wind map, it is estimated that 27 % of Earth's land area (approximately 3 × 10 7 km 2 ) is exposed to winds with an annual mean speed of more than 5.1 m/s, or 18.3 km/hr at the height of 10 meters above the ground (Metz et al. 2001) . Table 1 shows the Earth's land area exposed to the wind with different velocities of more than 5.1 m/s (Re-energy 2017).
According to the statistics, each kilowatt-hour of electrical energy produced by wind can prevent approximately one kilogram of CO 2 emissions produced by burning fossil fuel in power plants. While most of the electricity in Iran is produced by fossil fuels and the cost of investment in wind power plants is higher than that of the fossil fuel plants, with the advancement of technology in the construction of wind turbines and also considering its social and environmental benefits, the wider use of this energy in Iran has reached the stage of becoming economical. As we can see significant expansion in number of wind power plants we can also observe reduced costs of producing electricity so that the price of per kilowatt-hour electricity reduced from 4-6 cents in 2000 to almost 3-4.5 cent/kWh in 2007 while it was 40 cents in 1979. Lack of fuel consumption, low operating costs, low maintenance and lack of environmental pollutions are the advantages of wind power plants. Studies show that the reduced costs of constructing wind power plants also decrease the cost of produced energy. Surely, in a near future, this energy can compete with the energy produced by fossil fuel power plants (Shaahid and El-Amin 2007) . It is estimated that by 2035, about 25 % of the world's electricity will be generated from renewable sources that will lead to creation of more jobs as well as reduction of CO 2 emissions (Global Wind Report. Global Wind Energy Council 2017). In 2015, the energy produced by wind power constituted about 4.8 % of global production of electricity, and in seven countries (Denmark, Portugal, Ireland, Spain, Germany, Sweden, and UK) this percentage was more than 10 % (IEAWIND 2015) .
In 2016, more than 55 GW was added to the capacity of wind power production which shows a decrease of about 16 % compared to 2015. By the end of 2016, the number of countries with production capacity of more than 1,000 MW was 26, including South Africa in Africa & Middle East, 5 in Asia (China, India, Japan, Australia and South Korea), 16 countries in Europe, 3 in Latin America & Caribbean (Brazil, Chile, and Uruguay), and 3 countries in North America (Canada, Mexico, and the USA). Table 2 shows that by the end of 2016, only nine countries had a total capacity of more than 10,000 MW. The ten countries were able to install about 88 % of all the new capacity created in 2016, where China ranked first with 42.7 % and Canada ranked tenth with 1.3 %. In general, most countries are trying to increase their wind power capacity over the next few years. For example, Canada has several plans to expand its wind power capacity. Figure 1 illustrates the annual increase in wind power capacity from 2007 (Global Wind Report. Global Wind Energy Council 2017 . It shows that the wind power capacity which was 93,924 MW in 2007 , reached up to 486,790 MW in 2016 , indicating an increasing trend over time.
Iran has abundant fossil resources, but it has also concluded that it must increase the share of renewable sources, especially wind power in its total power production capacity, and has also made some efforts in that direction to further diversify its portfolio of energy production. The Iran's wind power production capacity is approximately 153.5 MW and the efforts of Ministry of Energy in finding other potential sites for installing new wind turbines and also the attempts to localize this industry, show Iran's attempt to improve the use of wind energy (Ministry of Energy 2017).
Wind Power in Iran
Energy supply market is a competitive market where electricity generation by wind power plants has demonstrated new advantages over fossil fuel power. One advantage of wind power plants is that they will produce energy without the need for the expensive fuel, over the course of many years of their lifetime, while the cost of other energy sources will increase over these years.
Extensive activities of many countries in expanding wind-based electricity generation can be a good example for other countries that have a long way to go in this field. Many developing economic resources are located in Asia and growing economies of Asian countries such as Iran, have led these countries to produce electricity from non-fossil sources more than ever. Furthermore, the lack of nationwide power grid in many rural areas of Asian countries is itself an acknowledgment to the need for the systems of wind based electricity generation. At the same time, there are widely-known wind farms in Iran such as Manjil, Roudbar and Khorasan which have been used to generate electricity from wind energy (Ministry of Energy 2017). According to the Iran's Ministry of Energy (Ministry of Energy 2017), in the year 2006, there was no private investment on the construction of 60 MW wind farm and investors only showed interest for construction and development of Manjil's wind farm. One of the reasons behind the lack of proper investment in this sector could be the lack of sufficient awareness; therefore, proper measures should be taken to inform investors on the potential of wind-based power generation in Iran's various regions. The Islamic Republic of Iran is located in the western part of the Iranian plateau in the South-West Asia and has a great climatic diversity. Northern regions of Iran have a temperate climate and considerable precipitation, especially in the western parts of Gilan province. Western regions of the country have a cold and wet weather in winters and a dry and temperate one in summers. In southern regions, the temperature and the humidity are higher, and very hot summers and temperate winters are the climatic characteristics of this region and the daily temperature variation is less pronounced. Eastern and south-eastern regions have desert climate with considerable temperature variation throughout the day. The According to the great potential of wind energy in Iran to generate electricity, more comprehensive studies for investigating the ability of wind turbines in the country are needed to be conducted. Today, due to the probabilistic behavior of the wind, storing power generated as hydrogen is a suitable solution for reducing the risk of absence of wind at all times.
There are different studies on the hydrogen production from wind energy in various countries. AicheHamane et al. (Aiche-Hamane et al. 2009 ) studied the feasibility of hydrogen production from wind energy in the station at Ghardaia. In this analysis, a 5 kW electrolyzer supplied by a 10 kW small wind turbine was considered. They found that the hub height of wind turbines has a direct influence on the system output so that increasing hub height from 30 to 60 m leads to 31 % increase in hydrogen production.
Zhou and Francois (Zhou and Francois 2009 ) investigated a control process for an active wind/hydrogen energy system. They concluded that the examined control method can control power and hydrogen flow simultaneously. García Clúa et al. (Clúa, Battista, and Mantz 2010) analyzed the control of a grid connected windhydrogen system considered for producing hydrogen. A robustness sliding mode method was proposed in the control design. In conclusion, this approach results in an improved wind-hydrogen conversion system. Mostafaeipour et al. (Mostafaeipour et al. 2016 ) assessed the suitability of wind energy for hydrogen production in the province of Fars, Iran. They estimated that a 900 kW wind turbine installed in the site at Abadeh can provide the required hydrogen fuel for 22 cars/week.
Weidong and Zhuoyong (Weidong and Zhuoyong 2012) investigated the hydrogen production process using water electrolysis when a non-grid-connected wind turbine is utilized. They concluded that the large scale variations in the current density can affect on the gas quality. Additionally, they commented that the new system will develop the use of wind power in China. Loisel et al. (Loisel et al. 2015) evaluated the economic feasibility of a tested wind-to-hydrogen system in France. The calculated hydrogen production cost for these projects was in the range of 4 to 13 €/kg-H 2 .
Other studies on the hydrogen production from wind turbines have been conducted in different countries, such as Canada (Olateju, Kumar, and Secanell 2016) , Argentina (Rodríguez et al. 2010; Sigal, Leiva, and Rodríguez 2014) , Spain (Gutiérrez-Martín, Confente, and Guerra 2010), Turkey (Akyuz, Oktay, and Dincer 2012) , Portugal (Parissis et al. 2011) , and Norway (Ulleberg, Nakken, and Eté 2010; Greiner, Korpås, and Holen 2007) .
The rest of this paper is structured as follows: In Section 2, geographic characteristics are presented. In Section 3, methodology of this study is completely explained. In Section 4, results of the study work are presented. Conclusion is drawn in Section 5.
Geographic Characteristics of Chabahar
Chabahar is located in Sistan and Baluchestan province in Iran (as shown in Figure and Polan. Given the Chabahar geographical position, it has always been under the influence of several climate systems such as Indian subcontinent monsoon (seasonal winds), tropical fronts and low-pressure center, and western fronts originating from the Mediterranean (Sistan and Baluchestan Province Web Portal 2017). Chabahar has always endured severe storms especially in Makran sea and its shore; these storms are caused by Indian monsoon winds (in summers, wind direction is from the south) and the occasional progress of low-pressure centers and tropical fronts from Indian Ocean to Makran Sea. The creation of low-pressure area in the southern Iranian plateau in summers causes winds coming from northwest direction in the afternoons.
This county is bordered to the Iranshahr and Nikshahr counties in north, and is limited to gulf of Oman in south, to Pakistan border in east, and to Kerman and Hormozgan provinces in west.
The Chabahar port, the county capital, has an area of over 11 km 2 and is located at 60°37ʹ eastern longitude and 25°17ʹ northern latitude at an altitude of 7 meters above sea level. The Chabahar port's strategic importance is because of its position as the nearest access road of land-enclosed Central Asian countries (Afghanistan, Turkmenistan, Uzbekistan, Tajikistan, Kyrgyzstan and Kazakhstan) to the high seas (Wikipedia -Chabahar 2017).
Methodology
Knowing the wind speed distribution in a region has an essential role in determining and estimating wind potential of that region. If we manage to determine the wind speed distribution in the study region, we can easily calculate wind power and wind turbine's economic factors. Given the broad parameters of wind energy analysis, only the key parameters for wind data should be analyzed. The easiest and the most practical method for the mentioned process is the use of distribution function. There are some mathematical functions that can be used to model the wind curve. These functions include Weibull, Rayleigh, Gamma, Beta, Gaussian and lognormal distribution functions.
Wind Speed Distribution
Rayleigh and Weibull probability density functions are the most commonly used methods for the analysis of wind power. Given that Rayleigh method is a subset of Weibull, this study only used Weibull density function. Weibull distribution function has many advantages over other functions including: flexibility, depending on two parameters, simple calculations, suitable fitting with data (Carta, Ramirez, and Velazquez 2009) . The main disadvantage of Weibull distribution function is that it cannot accurately predict the probability of wind in near-zero speeds. However, given the wind speed needed for the commercial turbines to start (2.5 to 3.5 m/s), the effects of mentioned inaccuracy is negligible (Keyhani et al. 2010) . Accurate determination of Weibull probability density function needs the calculation of two parameters: (1) shape parameter (dimensionless), and (2) scale parameter (m/s). To calculate these parameters, we must first define, v and Γ(x), and σ v functions.
v is the average wind speed determined by Mostafaeipour et al. 2013 ):
Γ(x) is gamma function defined by:
σ v is the standard deviation calculated according to eq. (3) (Keyhani et al. 2010) :
where N is the number of recorded data. Finally, the Weibull density function can be obtained using (Keyhani et al. 2010; Ucar and Balo 2009; Saeidi and Mirhosseini 2011; Sathyajith 2006; Mostafaeipour et al. 2011; Mirhosseini, Sharifi, and Sedaghat 2011) :
Basically, the shape parameter (c) indicates how much windy an area is; k represents the shape parameter and defines the rate of maximization in wind speed distribution function. This means that as wind speed gets closer to a specific value, the value of k increases. A review on previous studies shows that shape parameter in Weibull distribution of most windy regions of the world is between 1.2 and 2.75 (Mirhosseini, Sharifi, and Sedaghat 2011) . There are several methods for calculating the parameters of the Weibull function. The standard deviation method is used to determine the shape and scales parameters in this study. Using this method, the parameters k and c can be obtained from eqs. (5)- (7) as :
Using the Weibull distribution function we can also express the values of σ v and v as follows Sathyajith 2006; Mostafaeipour et al. 2011) :
Another important analytical parameter is the cumulative distribution function. The cumulative distribution function estimates the probability of wind speed being in a given range (The probability that the wind speed is less than or equal to the given wind speed v) as follows (Mirhosseini, Sharifi, and Sedaghat 2011) :
Wind Power and Wind Energy Density
Wind power density is another necessary factor for the analysis of wind resources in a region which indicates that how much wind energy can be converted into electricity. Wind power per unit can be calculated by (Keyhani et al. 2010; Ucar and Balo 2009; Saeidi and Mirhosseini 2011; Sathyajith 2006; Mostafaeipour et al. 2011 ):
Based on the Weibull probability density function, wind power can be calculated by (Keyhani et al. 2010; Ucar and Balo 2009; Saeidi and Mirhosseini 2011; Sathyajith 2006; Mostafaeipour et al. 2011; Mirhosseini, Sharifi, and Sedaghat 2011) :
where ρ is the air density, which at standard conditions (i. e., mean temperature of 15°C and pressure of 1 atmosphere) is equal to 1.225 kg/m 3 . Air density is a function of temperature and pressure and it changes with altitude. Therefore, following equation can be used to determine the air density at the height of Z above sea level: Keyhani et al. 2010; Mostafaeipour et al. 2011 ):
In eq. (13), P is the monthly average air pressure (Pa), T is the monthly average air temperature (K), R d is the gas constant (with a value of 287 J/kgK for dry air). Furthermore, for the heights of less than 100 meters, wind power density above ground level can be obtained from (Ucar and Balo 2009 ):
where P 10 is the modified wind power at the height of 10 meters and α is the roughness factor that usually has a value between 0.05 and 0.5. Considering eq. (12), the wind energy density can also be obtained as (Saeidi and Mirhosseini 2011) :
where N is the number of measurement time intervals Δt. Equation (16) can be used for any time intervals. According to the Betz limit, a wind turbine cannot extract more than 59.3 % of the available wind power (Keyhani et al. 2010 ). Thus, the maximum power which can be extracted from the wind is the product of 0.593 and the computed wind power from eq. (12).
Wind Speed Extrapolation
If we want to assess wind speed at the height of 10 meters, we should consider that wind speed increases with height, so we must recalculate analysis parameters for the desired height. In order to use Weibull distribution function, the shape parameter at the height of h which is represented by k h , and the scale parameter at the height of h which is represented by c h must be calculated by the values of the parameters at the height of 10 meters ):
where n is the power law exponent defined by : n = ð0.37 − 0.088 lnðc 10 ÞÞ
In this study, wind data were used to calculate the Weibull parameters for Chabahar city at the heights of 10, 30 and 40 m from 1/2014 to 12/2015. The approach that is commonly used to extrapolate the wind speed to a greater height even more than 100 m, is the power law. The basis of this approach is complex nature of turbulent flows. In order to calculate the extrapolated wind speeds to a certain height by using this approach, the following equation should be used:
where v 1 and v 2 are the velocity at heights of z 1 (lower height) and z 2 (upper height). The parameter of α is the wind shear exponent, which is dependent to elevation, time of day, season, temperature, terrain, and atmospheric stability. In this study, power law exponent coefficient (α) was equal to 0.0763.
Energy Pattern Factor
The energy pattern factor is a parameter used in aerodynamic design of turbines and can be obtained by dividing the cube of the wind speed by the cube of mean wind speed (Keyhani et al. 2010; Sathyajith 2006) :
In eq. (21), N is the total number of data in one year. By using the Weibull parameters, the most probable wind speed, v mp (m/s), and the wind speed carrying the maximum energy, v max (m/s), can be calculated, respectively as (Sathyajith 2006; Mostafaeipour et al. 2011; Mirhosseini, Sharifi, and Sedaghat 2011) :
Probability of High Winds
In this type of wind analysis, it is often necessary to determine the probability of wind speeds greater than 5 m/s. The probability of a wind speed occurring between two desired values can be computed by (Sathyajith 2006 ):
The total area of probability distribution curve is equal to 1. To calculate the probability of a wind speed greater than 5 m/s, following equation can be used:
Surface Roughness
There are several methods to predict wind logarithmic profile (including the mixing length theory, eddy viscosity theory, and similarity theory). In 1982 Wortman defined Mixing length analysis in the following form (Saeidi and Mirhosseini 2011; Sathyajith 2006) :
where v(z) is the wind speed at height z, v(z h ) is the wind speed at a reference height z h , and z 0 is the surface roughness length. By placing the mean wind speeds at the heights of 10, 30 and 40 m and fitting them with eq. (26), we found the surface roughness length for Chabahar, which was equivalent to 0.04 mm.
Capacity Factor
Capacity factor is an important parameter in evaluating the performance of wind turbines. The capacity factor is defined as the ratio of actual energy production to expected total energy. It can be obtained from (Ucar and Balo 2009; Sathyajith 2006) :
Equation (27) represents the fraction of the total energy delivered over a period, E T , divided by the maximum energy that could have been delivered if the turbine was used at maximum capacity over the entire period (T × P R ). The capacity factor is usually expressed as an annual factor, and generally ranges from 0.25 to 0.4 for a site. The value of 0.4 or higher for the capacity factor indicates a very good performance of the turbine at the installation site (Sathyajith 2006) . The capacity factor is used in the calculation of the energy produced by the turbine in a year as (Mostafaeipour et al. 2011 ):
where P R is the nominal power of the desired wind turbine.
It should be noted that increase in the turbine tower height increases the capacity factor. However, in the process of making decision we must also consider the fact that tower constitutes about 20 % of the turbine's costs and the cost for each 10-meter part of the tower is $15,000 (Sathyajith 2006) . Generally, it can be mentioned that a higher capacity factor is better and in particular, more economical (Wind Energy Center 2013). The capacity factor of a wind turbine is a design decision, and influential factors on the capacity factor at a specific wind farm will definitely affect the optimal turbine selection. In the prior studies (e.g, Jangamshetti and Rau 2001), wind turbine performances were based on their capacity factor, because, in fact, the capacity factor indicates the percentage of electrical power, which a wind turbine generator can generate from the available wind.
Power and Energy Generated by Turbine
The calculations of average power and energy which will be generated by the wind turbine are very important and necessary for each project. Average energy production of wind turbines (with the assumption of receiving total power) can be obtained by (Burton et al. 2011 ):
where, T is the time interval, P(v) is the wind turbine power curve, and f(v) is the probability density function of wind speed.
Results
In this study, we assessed and evaluated wind speed data at three heights of 10, 30 and 40 m gathered from 1/1/ 2014 to 12/31/2015. The study utilized Weibull parameters, mean wind speed, and mean wind power, as explained in the following sections.
Mean Wind Speed
The monthly mean wind speeds (v) in the city of Chabahar at three heights of 10, 30, and 40 m, and also their corresponding standard deviations (σ) are presented in Table 3 . According to Table 3 , most of the speed variations at the height of 10 m are in the range of 4 to 6 m/s. The Table 3 : Mean wind speeds in Chabahar at heights of 10, 30, 40 m and standard deviations. Figure 4 . According to Figure 4 , the lowest value for monthly mean wind speed at 10 m is equal to 3.8 m/s, and belongs to December and its highest value is 5.98 m/s which belongs to May.
According to the geographical location of Chabahar, the city almost constantly experiences a warm climate. This notion can be expressed with the fact that in around 99 % of the days per year the air temperature is around 15°C or higher. In the studied period, this city's coldest day of the year was on January 24th and the minimum temperature was also recorded on the same day and was about 10.5°C. The city's warmest day was in May and the highest temperature was 42.3°C. If we assume the first six months of the year (September-March) as the warm months and the other six months as the cold months, the mean wind speed in warm and cold seasons at the height of 10 m were equal to 4.38 m/s and 5.51 m/s, respectively.
The results presented in Table 3 also show that most of the speed variations at the height of 30 m are in the range of 3 to 6 m/s. The highest probability at this height is approximately 26.4 % and belongs to speeds between 4 and 5.5 m/s.
At 30 m height, the probability of speeds less than 2 m/s or greater than 8 m/s is also negligible. In the studied period, the highest mean speed belongs to data recorded on 3/3/ 2015 and is equal to 16.8 m/s. The maximum speed was recorded on 24/01/2015 and is equal to 23.3 m/s. The lowest wind speed of the study was equal to 0 m/s and was recorded in September. Standard deviation values vary from 1.654 in December 2014 to 3.11 in May 2015.
According to Table 3 , we can also see that most of the speed variations at the height of 40 m are in the range of 4-7 m/s. The highest probability at 40 m height is approximately 33.6 % and belongs to speeds between 4 and 6 m/s. At the height of 40 m, the probability of speeds less than 2 m/s or greater than 8 m/s is also negligible. In the studied period, the highest mean speed belongs to data recorded on 24/01/2015 and is equal to 17.6 m/s. The maximum speed was recorded on 24/01/2015 and is equal to 24 m/s. The lowest speed of the study was equal to 0 m/s and was recorded in October and September. Standard deviation values vary in the range of 1.847 for August 2014 to 3.413 for May 2015.
Diurnal Wind Speed Variations
Daily changes in wind speed are shown in Figure 5 . According to Figure 5 , changes in wind speed during the day and night are small. At 6:00, wind speed starts to increase and then reaches its peak value at 12:00. At this hour and at the height of 10 m the wind speed is normally about 5.24 m/s.
The peak speed does not change until about 14:00, and then gradually decreases and reaches its minimum value at 18:00 to 19:00; this minimum value is 4.44 m/s at the height of 10 m. Given the small variation of wind speed during each day, its energy can be used for street lighting at night, and to generate electricity during days when the speed is higher.
Wind Gusts in Chabahar
The gust wind speeds and the time of their occurrence, the energy pattern factor (k e ) and the probability of wind speeds greater than 5 m/s at the heights of 10, 30 and 40 m are shown in Table 4 .
Weibull Distribution
As discussed in the Methodology Section, Weibull probability density function is a useful criterion for assessing the potential of wind energy in a region. It has two parameters of k and c. The larger value of c indicates a more spread out distribution. Higher values of k (between 2 and 3) means that the distribution is more concentrated around high speeds. And its lower values (between 1 and 2) means that the distribution is more concentrated around low speeds, which indicates the high probability of low speeds. However, both parameters affect the distribution curve (Mostafaeipour et al. 2011) . The corresponding wind data and the best fits to the twoparameter Weibull distribution at the heights of 10, 30 and 40 m for Chabahar are shown in Figures 6, 7 and 8. According to Figure 6 , the most probable wind speeds are between 3.5 and 5 m/s at the height of 10 m. Additionally, its whole frequency for these speeds is about 27 %. Figure 7 shows that the most probable wind speeds have a value between 4 and 6 m/s at the height of 30 m. At this height, total frequency of these speeds is about 34.8 %.
However, Figure 8 shows that the most probable wind speeds have not changed at height of 40 m and are similar to data recorded at 30 m. But the frequency in this case has changed to 33.6 %.
The monthly mean values of the parameters k and c for Chabahar, computed using eqs. (5)- (7), are shown in Table 5 .
The parameter of k is dimensionless and c is expressed in terms of m/s. It can be seen that the values of k are lower than values of c. All calculated values of k are between 2 and 3 and their values vary between 2.209 and 2.868, and their annual mean value is 2.397. The values of c parameter also vary between 4.269 and 6.742 m/s and their mean value in this study is 5.44 m/s. The minimum value of c occurs in December and the maximum value happens in May.
The important analytical parameter of cumulative distribution function, for the city of Chabahar needs to be drawn for three heights of 10, 30, and 40 m according to eq. (10). Figure 9 shows the cumulative distribution function at the three mentioned heights.
It should be noted, for example, speeds greater than 4 m/s at three heights of 10, 30 and 40 m happen 62.59 %, 
Air Humidity and Temperature
The information regarding the measured relative humidity and air temperature based on the used data sets of this study is presented in Table 6 .
Wind Direction
Wind direction is one of the important factors in wind energy conversion calculations. If a large proportion of wind energy is coming from a specific direction, it is absolutely necessary to avoid blocking the air flow through that direction. Changes in wind direction are mainly caused by the change in climate or season (Mirhosseini, Sharifi, and Sedaghat 2011) . In this section, wind direction is expressed regardless of the wind distribution. The wind direction data in this study are specific to two heights of 30 and 37.5 m. Monthly mean values of Weibull parameters (k, and c), and characteristic speeds (at 10 m height, in m/s). 
Mean Max Min
. . . Average relative humidity . % -this study, we have the best conditions for wind direction in the month of August.
Wind Rose
A wind rose can demonstrate the information about wind direction and wind speed in a combined form. Wind rose is a diagram showing the wind distribution across different directions. This diagram is often plotted in 8, 12, 16 sectors. But in cases where wind direction data is expressed in 10-degree interval, it should be plotted in 36 sectors. The information that can be obtained from the wind rose diagram is the percentage of time for which we receive wind from a particular direction. This can show the direction from which we get most of our wind (Sathyajith 2006) . Figures 12 and 13 show the wind rose plots at two heights of 30 and 37.5 m in Chabahar.
In Figures 12 and 13 , the longest column represents the dominant wind direction. For instance, at the height of 30 m, the wind which constitutes the highest proportion of total wind data (about 12.5 %), is blowing from 157.5°direction.
Turbulence
Wind speed is constantly changing because wind must pass through peaks and valleys, cliffs and buildings, and this creates turbulence in the wind. In fact, the turbulent wind is caused by the dissipation of wind kinetic energy 
Turbulence Intensity
As mentioned in the previous section, wind turbulence can be defined as "fast disturbances in wind velocity and direction that can have a significant impact on the performance and loading of turbines". The most basic method of measuring turbulence is to calculate turbulence intensity. Turbulence is usually obtained by dividing the standard deviation σ by the wind speed v, at 10-minute intervals. By placing the mean speed in turbulence equation, the turbulence intensity is obtained as (Brower 2012) :
Generally, as wind speed increases to about 7-10 m/s, turbulence intensity decreases. Turbulence intensity at the speeds of more than 10 m/s ranges from 0.1 to 0.25 (depending on circumstances). At the speeds higher than 15 m/s turbulence impact is zero (Brower 2012) . The maximum, minimum and mean values of turbulence for the city of Chabahar at three heights of 10, 30, and 40 m are shown in Table 7 .
The turbulence intensity at three heights of 10, 30 and 40 m are shown in Figures 14, 15 and 16.
Wind Speed Duration Curve
Changes in wind speed range can affect the output power. In other words, averaging the changes can cause possible errors in assessing the output power. Another factor in wind resource assessment is wind speed duration curve and it is a useful tool for comparing the wind potential of a region (Wadhwa 1989) . The velocity duration curve is a graph with wind speed on the y-axis and the number of minutes for which the speed equals or exceeds each particular value on the x-axis (Mirhosseini, Sharifi, and Sedaghat 2011) . In Figures 17, 18 and 19, wind speed duration curves for the city of Chabahar for three heights of 10, 30, and 40 m are presented.
Wind Power Density and Energy Calculation
The wind power density will increase with the cube of velocity. But, it can also be calculated using the Weibull parameters. Wind power density and wind energy for the city of Chabahar in three different heights are presented in Table 8 .
The highest wind power density at the height of 10 m belongs to May and is equal to 196.67 W/m 2 . The lowest wind power density is for December and equals to 51.12 W/m 2 . Meanwhile, the annual average wind power density is 107.55 W/m 2 . There are various classifications to determine the status of wind power in a given region. One such classification as listed in Table 9 shows that the city of Chabahar is ranked in class 2 [6] .
According to following classification, the city of Chabahar is almost in poor class. Other classification is presented by the European Wind Energy Association (EWEA) in terms of wind profile, and is as follows (Mostafaeipour et al. 2011 ): According to the above classification, the city of Chabahar is not a suitable location for installation of wind turbines. Meanwhile, if we use the following classifications, the city of Chabahar falls in "fairly good" category. This classification is also expressed based on wind power density (Mostafaeipour et al. 2011): fair (P < 100 W/m 2 ) fairly good (100 < P < 300 W/m 2 ) good (300 < P < 700 W/m 2 )
very good (P > 700 W/m 2 ) Figure 20 illustrates that there are many rapid changes in this parameter in different months, in a way that maximum value of wind power density is about 3.8 times greater than its minimum value. Considering these changes is important for evaluation and design of the projects (Keyhani et al. 2010 ). According to the above classifications, wind energy potential is limited in Chabahar, and its potential is more suitable for low-capacity turbines which would be used in villages and small business sectors. Thus, in terms of turbine performance, using the low-capacity turbines is better option ). Table 9 : Classification for wind power by Elliot and Schwartz (Mohammadi, Mostafaeipour, and Sabzpooshani 2014) .
Power class
Power density (W/ m 
Wind Turbine Energy Production
Eight turbines with the rated powers ranging from 2.5 kW to 8 MW are selected to be assessed in terms of their performance in the city of Chabahar. Table 10 presents the technical specifications of the nominated wind turbines.
Windographer software was used to determine the produced power and capacity index. All wind turbines considered in this study have been designed for operations at different heights. In this study, it is assumed that the selected wind turbines are installed at heights shown in Table 10 . Wind data related to different heights were synthesized (extrapolated) in order to accurately estimate the performance of the turbines at specified altitudes eq. (20). The wind turbines selected in this study have different control systems.
The annual capacity factor and energy output for all wind turbines installed at predetermined heights are shown in Table 11 .
Based on Table 11 , it is clear that the Proven 2.5 kW turbine model has the highest capacity factor which is 0.268 for the height of 11 m. If we consider the annual energy output as the primary criterion, the Vestas V164 8 MW turbine has the highest annual energy output. Annual energy output of this turbine installed at the height of 120 m is 12,018 MWh. Therefore, it can be concluded that Vestas V164 8 MW is the best choice in terms of electricity generation for producing hydrogen.
Hydrogen Production by Wind Turbine
A combined wind-hydrogen system is considered for investigating hydrogen production from wind energy. The scheme of this system is shown in Figure 21 . The considered system is comprised of a wind turbine, power controller, a rectifier for regulating AC voltage to DC, an alkaline electrolyzer supplied by a DC source, and a storage tank. The output of wind turbines is AC voltage; thus, the rectifier will change this voltage to the required and smaller DC voltage for supplying water electrolysis. During applying DC voltage to the two electrodes, hydrogen production process is carried out. To estimate the amount of hydrogen production during this process, the following equation can be used (Gupta 2009 ):
where H 2 is the amount of hydrogen production (Nm 3 ), E WT is the wind turbine output energy (kWh). η rec and EL ec are the rectifier efficiency and the electrolyzer energy consumption (kWh/Nm 3 ), respectively. By converting Nm 3 to ton-H 2 (1 kg-H 2 is equal to 11.13 Nm 3 -H 2 ), the amount of hydrogen production from the examined turbines will be as Table 12 , when a rectifier with 95 % efficiency and an electrolyzer with the energy consumption of 5 kWh/Nm 3 were used in this analysis.
Conclusion
Detailed statistical study of wind at 10, 30 and 40 m heights for the city of Chabahar is presented. The most important outcomes of the study can be summarized as follows: -The wind speeds were analyzed using the Weibull function and monthly values of Weibull parameters k and c. -Eight different wind turbines were studied to further evaluate the performance of these turbines in the studied locations. With respect to the wind power potential of the region, it is better to use wind turbines with less nominal power. One of the important factors in wind farm design is the capacity factor. The higher capacity factor shows that the wind turbine is better suited to the wind regime, and represents a great performance for the installed wind turbine. Here, the 2.5kW Proven wind turbine performed better than other selections in terms of the capacity factor. However, the Vestas V164 was recognized as the best choice for power generation because of its high rated power. -With regard to the proposed wind-hydrogen energy conversion system, the amount of hydrogen production can be determined by assuming the values for the electrolyzer energy consumption and the utilized rectifier efficiency. The highest value of hydrogen production (194.36 ton-H 2 ) using the considered energy conversion system was related to the Vestas V164. 
